N ew-onset atrial fibrillation (NOAF) is a common arrhythmia in critically ill patients. The incidence of NOAF ranges from 5% to 46% (1) (2) (3) . It is associated with significant morbidity and mortality (4) (5) (6) , and clinicians treating patients in the intensive care unit (ICU) need to be aware of management options. Therapeutic strategies extrapolated from studies involving noncritically ill patients may not be generalizable to the critically ill; unfortunately, there are limited data from this population. The present review serves to summarize the critical care literature addressing NOAF and outlines options for its management in the ICU.
ETIOLOGY
Many conditions or risk factors are associated with the development of NOAF ( Table 1) . Some of these are modifiable or treatable while others are associated with the patient's diagnosis, severity of illness and life-sustaining ICU therapies. Although a prediction rule has been derived and validated to risk stratify noncardiac surgery patients for development of atrial fibrillation (AF) after major thoracic surgery (7) , similar rules do not exist for general medical surgical ICU patients. While knowledge of risk factors for NOAF may be useful for identifying patients at high risk for NOAF, there are no trials investigating prophylactic therapy in the noncardiac surgery critically ill. Good ICU practices, such the avoidance of volume overload, attention to electrolyte balance and minimization of therapies, such as vasopressors, may help to reduce the occurrence of NOAF (8) .
MORBIDITY AND MORTALITY
NOAF is associated with increased mortality in a variety of ICU patient populations, as demonstrated in the following studies. In a study investigating patients with sepsis, those who developed NOAF had a hospital mortality rate of 44% versus 22% for those who did not (9) . In a study of surgical ICU patients, hospital mortality was 45% for individuals with NOAF versus 16% for those without (4) . Finally, in a cohort of trauma patients, individuals with NOAF had a mortality rate two times that of those without; however, the standardized mortality ratio (observed/expected mortality by severity of illness) was similar in the two groups, suggesting that NOAF was a marker of more severe illness (10) . The association of increased mortality in those who develop NOAF does not imply causality. Although it cannot be disproven that NOAF has attributable mortality, it is more likely that NOAF is a marker of disease severity.
Similarly, NOAF is associated with increased morbidity. In liver transplant patients, NOAF was associated with increased graft failure, renal failure and prolonged hospital stay (11) . Retrospective studies suggest that patients with sepsis who develop NOAF have a greater risk for in-hospital stroke (2.6% versus 0.6%) (12) , ischemic stroke within five years (5.3% versus 4.7%) and subsequent hospitalization for heart failure (HF) (11.2% versus 8.2%) (13) . Moreover, NOAF may not resolve; up to 18% of patients have been described to be discharged from ICU with persistent AF (2).
MANAGEMENT

Modifiable risk factors
The first step in management is to address modifiable risk factors predisposing the patient to NOAF. Electrolyte abnormalities, hypoxemia, fluid overload and dehydration should be corrected. Underlying conditions should be treated promptly, including revascularization for patients with evidence of ischemia, antimicrobials for patients with sepsis and management of hyperthyroidism. Adrenergic overstimulation may contribute to the development of NOAF, and avoidance or minimization, where possible, may aid in its management or resolution.
Hemodynamic instability
Hemodynamically unstable patients with NOAF with rapid ventricular response must be assessed to determine whether the cause of their instability is the arrhythmia or the underlying condition. If the tachycardia is a compensatory mechanism, synchronized cardioversion is unlikely to provide benefit. If hemodynamic instability is the result of AF, then restoration to normal sinus rhythm (NSR) may be helpful. Patients with life-threatening hemodynamic instability require synchronized cardioversion as per the Advanced Cardiovascular Life Support guidelines (14) . Cardioversion in outpatients has a success rate of 90% (15), whereas critically ill patients have a much lower conversion rate (35%). Of individuals who do convert, most will revert to AF within 48 h (16) . Treatment during or immediately after with an antiarrhythmic may improve the success of cardioversion and the maintenance of NSR (17) .
Rate control versus rhythm control
A systematic review and meta-analysis did not show an advantage to either a rate or rhythm control strategy for the management of NOAF New-onset atrial fibrillation is a common problem in critically ill patients, with reported incidence ranging from 5% to 46%. It is associated with significant morbidity and mortality. The present review summarizes studies investigating new-onset atrial fibrillation conducted in the critical care setting, focusing on the etiology, management of the hemodynamically unstable patient, rate versus rhythm control, ischemic stroke risk and anticoagulation. Recommendations for an approach to management in the intensive care unit are drawn from the results of these studies. in terms of all-cause mortality, arrhythmia, cardiovascular death, embolism or major bleeding (18) . Factors such as persistent AF, fewer symptoms, age ≥65 years, hypertension, no history of HF, previous failure of an antiarrhythmic drug and patient preference favour rate control. Paroxysmal or NOAF, ongoing symptoms, age <65 years, no hypertension, HF exacerbated by AF, tachycardia-mediated cardiomyopathy and difficulty achieving rate control favour a rhythm control approach (19) .
The 2014 American Heart Association (AHA)/American College of Cardiology (ACC)/ Heart Rhythm Society (HRS) practice guidelines for the management of patients with atrial fibrillation (20) recommend the use of beta-blockers or nondihydropyridine calcium channel antagonists for rate control in patients with NOAF without pre-excitation. Esmolol, propranolol and metoprolol have been shown to be effective (21) (22) (23) , are available in intravenous formulations, and are titratable to avoid excessive bradycardia and hypotension.
Nondihydropyridine calcium channel antagonists, such as verapamil or diltiazem, are alternatives for patients with contraindications to betablockers. In critically ill patients, diltiazem was shown to elicit faster reduction in ventricular rate than metoprolol (23), but had a higher rate of hypotension and drug cessation compared with amiodarone (24) . In emergency department patients, diltiazem was found to have faster rate control, better symptom control and decreased length of hospital stay compared with digoxin and amiodarone (25) . Calcium channel blockers must be used with caution in patients with HF because of negative inotropic effects and should be avoided in patients with significant left ventricular systolic dysfunction (20) .
Digoxin should not be considered as a first-line option for rate control due to its slow onset of action. It has a positive inotropic effect and may be useful in the setting of HF. Its mechanism of action is to reduce conduction through the atrioventricular node and by vagal stimulation, decreasing its utility during times of adrenergic stress. It can be safely combined with beta-blockers or calcium channel blockers (26, 27) . Care must be taken in patients with altered renal function because continued administration may cause accumulation. Adverse effects of digoxin include atrioventricular block, ventricular arrhythmias and sinus node dysfunction.
Amiodarone has a slower onset than a beta-blocker or diltiazem (25, 28) ; however, it has been shown to successfully reduce ventricular rate and improve blood pressure in critically ill patients with AF refractory to other treatments (29) . It is safe for patients with structural heart disease and has fewer negative inotropic effects than beta-blockers and calcium channel blockers (24) . Long-term use of amiodarone is associated with concerning side effects, and it may contribute to pulmonary toxicity and acute respiratory distress syndrome in surgical ICU patients (30) . Amiodarone use may result in cardioversion; care must be taken to anticoagulate patients at risk for thromboembolism.
Rate control may be the best option for critically ill patients because many will spontaneously convert to NSR as their acute illness resolves. In one group managed with rate control alone, 81% reverted to NSR; 19% were discharged from the ICU in AF (2) . In a comparison of esmolol and diltiazem for rate control in surgical ICU patients, the conversion rate to NSR was 79% and 62%, respectively (31) .
Electrical cardioversion for rhythm control is safe and its effects are immediate. Complications are few and are usually related to sedation, muscle aches, burns and irritation from the electrodes. As mentioned above, the success rates of electrical cardioversion are poor compared with the outpatient population; therefore, addition of an antiarrhythmic may be required for successful conversion and maintenance of sinus rhythm.
Magnesium sulfate (MgSO 4 ) has been found to be effective for conversion to NSR and as a rate controlling agent (32) . MgSO 4 has a synergistic effect when given with digoxin in controlling ventricular rate (33) . In a study in which magnesium was administered before amiodarone, many critically ill patients converted with MgSO 4 alone and 90% of patients had converted within 24 h with both (34) . Magnesium has a low side effect profile, making it a good choice as an adjunct for cardioversion (35) .
A variety of other antiarrhythmics have been used for the conversion of NOAF to NSR. Amiodarone can successfully convert AF to NSR, although the time to cardioversion can be >72 h (2) . There is little difference between amiodarone and procainamide in critically ill patients, with conversion rates of 70% and 71%, respectively (36) . Procainamide has a higher rate of side effects, including hypotension, making amiodarone a safer choice unless it is contraindicated. Flecainide produced cardioversion within 1 h in critically ill patients with respiratory insufficiency (37) . In patients with left ventricular dysfunction, heart failure and ischemic heart disease, amiodarone is associated with a low risk for proarrhythmia, whereas flecainide has been associated with increased mortality in patients with structural heart disease (38) . Ibutilide is effective in converting AF to NSR in critically ill patients, but is associated with multiple side effects, QT interval prolongation and ventricular arrhythmias requiring cardioversion, limiting its utility in the ICU (39) .
Propafenone and vernakalant have not been studied in the critically ill but have been successful rhythm control agents in cardiology and emergency department settings (40, 41) . Propafenone cannot be used in patients with structural heart disease and vernakalant is contraindicated in patients with hypotension, New York Heart Association class III and IV heart failure, severe aortic stenosis and QT prolongation (42) , rendering them impractical for the ICU. Dronedarone and dofetilide may also be useful for cardioversion (20) , but have not been studied in an ICU population and are only available in oral formulations.
An algorithm for the management of NOAF is presented in Figure 1 .
STROKE RISK AND ANTICOAGULATION
The in-hospital and five-year risk for ischemic stroke for critically ill patients with sepsis may be elevated based on retrospective chart reviews (12,13,43 ). There has only been one retrospective observational study of anticoagulation for AF in the ICU, which showed no difference in survival but increased minor bleeding events in anticoagulated patients (44) . CHADS2, CHADS-VaSC (45, 46) and HAS-BLED (47) scores assess one-year thromboembolic stroke and bleeding risk but have not been validated in ICU populations. In patients who have persistent or paroxysmal AF >48 h, anticoagulation should be initiated. If the duration is >48 h or unknown, patients should undergo three weeks of anticoagulation before cardioversion followed by four weeks of anticoagulation. Alternatively, patients can undergo transesophageal echocardiography to rule out left atrial thrombus before cardioversion, followed by four weeks of anticoagulation (48) . Patients with AF <48 h who are at low risk for thromboembolic events can be cardioverted safely without anticoagulation (49) . Patients at high risk for thromboembolic events should have anticoagulation started before cardioversion (20) . The risk for thromboembolism is highest within 72 h of cardioversion and most events occur within 10 days (50, 51) . Patients discharged from the ICU with ongoing AF require long-term anticoagulation.
Anticoagulation is a challenge in the ICU given the potential need for urgent surgery or procedures, traumatic injuries and risk for coagulopathy. Unfractionated heparin is the drug of choice for ICU patients given its short half-life and reversibility with protamine. Warfarin can be considered for stable patients who have an intact gastrointestinal tract and are unlikely to require further procedures. The new anticoagulants such as dabigitran, rivaroxaban and apixiban have not been studied in ICU patients, but the lack of reversibility will likely limit their utility in this setting.
CONCLUSIONS
There is a lack of high-quality evidence to guide the management of critically ill patient with NOAF. Prompt treatment of underlying medical conditions and correction of modifiable risk factors is the first step. Hemodynamically unstable patients should undergo synchronized cardioversion. The choice of a rate versus rhythm control strategy should be based on patient factors, comorbidities and underlying medical conditions, but there is no evidence favouring one approach over the other. Rate control with a beta-blocker is the first option for hemodynamically stable patients, with use of a calcium channel blocker if beta blockade is contraindicated an alternative. Amiodarone should be reserved for AF refractory to beta-blockers and calcium channel blockers. If a rhythm control approach is used, appropriate anticoagulation should be instituted for AF with a duration >48 h and for patients at high risk for thromboembolism. MgSO 4 should be initiated first because it may achieve rhythm control alone and will act synergistically with other antiarrhythmic drugs. Amiodarone is as effective as other antiarrhythmic drugs in achieving cardioversion, although its side effect profile favours it over other antiarrhythmics. If required, unfractionated heparin is the anticoagulant of choice. Further studies are needed to determine the attributable morbidity and mortality resulting from NOAF and optimal therapy of this common arrhythmia in critically ill patients.
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